The contamination of ecosystems with heavy metals is an important issue in current world and remediation technologies should be in according to environmental sustainability concept. Bioemulsifier are promising agents to be used in metal removal and could be effective to many applications in environmental industries. The aims of this work was screening the potential production of bioemulsifier by microorganisms isolated from an oil contaminated mangrove, and evaluate cadmium and zinc removal potential of those strains from a hazardous industrial residue. From that, bioemulsifier-producing bacteria were isolated from urban mangrove sediments. Four isolates were identified as Microbacterium sp by 16S rRNA analysis and were able to reduce up to 53.3% of culture medium surface tension (TS) when using glucose as carbon and energy source and 20.2% when sucrose was used. Suspensions containing bioemulsifier produced by Microbacterium sp. strains show to be able to remove cadmium and zinc from contaminated industrial residue, and its ability varied according carbon source. Significant differences in metal removal were observed by all strains depending on the carbon source. When glucose was used, Cd and Zn removal varied from 17 to 41%, and 14 to 68%, respectively. However, when sucrose was used it was observed only 4 to a maximum of 15% of Cd removal, and 4 to 17% of Zn removal. When the same tests were performed after ethanol precipitation, the results were different: the percentages of removal of Zn (7-27%) and Cd (14-32%) were higher from sucrose cultures. This is the first report of heavy metals removal by bioemulsifier from Microbacterium sp.
INTRODUCTION
The contamination of ecosystems by heavy metals from human activities is an important issue. Remediation technologies should be in accordance with environmental sustainability concepts. Metals provide several unique challenges for remediation, as they cannot be degraded into innocuous products (18) . For example, cadmium and zinc are common contaminants in environmental samples (2) . Various bioremediation systems have been proposed to remove or neutralise toxic effects of metal contamination in the environment; however, low bioavailability of those metals in soils may limit the efficiency of removal (14) . For bioremediation approaches such as phytoremediation, synthetic chelators can be used to increase the phytoavailability of heavy metals, but such molecules are too expensive and hazardous to the environment (15) . Therefore, utilisation of biosurfactants has been proposed as an alternative (11, 15) .
Different surface active compounds (SACs) are synthesised by many prokaryotic and eukaryotic microorganisms, and due to their properties, microbial SACs have been exploited in environmental remediation techniques (6) .
Biosurfactants are produced extracellularly or as part of the cell membrane by bacteria, yeasts and fungi. They comprise a unique class of compounds that have a variety of potential applications in industrial development and in the remediation of organic-and metal-contaminated sites (11) . It is estimated that biosurfactants could capture a large part of the surfactant market in the near future (16) and that heavy metal removal is one of the most promising applications (3).
Many types of biosurfactants are synthesised by a number of microorganisms. For example, Pseudomonas aeruginosa produces rhamnolipids, and Bacillus subtilis produces a lipopeptide called surfactin (11) . Franzetti and colleagues (6) demonstrated that the crude oil removal by bioemulsans produced by Gordonia sp. BS29 strain was comparable to the rhamnolipid one in the same experimental conditions and the promising use of this bioemulsans as washing agents for remediation of hydrocarbon-contaminated soils.
As far as we know, there is only one report about the production of extracellular polymers (EPS) with surfactant properties by a Microbacterium strain (12) . However, utilisation of this bioemulsifier in heavy metals removal has not been evaluated.
This work shows the selection of four Microbacterium bioemulsifier-producing strains and the evaluation of glucose, sucrose and Trypic Soy Broth as carbon sources for bioemulsifier production. In addition, we present the potential utilisation of a suspension containing bioemulsifier produced by the isolated strains in Cd and Zn removal from hazardous industrial waste.
M ATE R IA L S A ND M E TH O DS

Bacterial cultures
Bacterial strains were isolated from sediment of an oilcontaminated mangrove in Guanabara Bay (Rio de Janeiro, Brazil) by 1/10 dilution in saline solution. Serial tenfold dilution was prepared from the initial sediment suspensions, and 100-ul aliquots were surface-plated onto Trypic Soy Agar (TSA, Difco, NJ, USA). Plates were incubated at 28ºC. Longterm storage was at -80 o C in 20% (vol/vol) glycerol.
Molecular Identification of the Bioemulsifier producer strains
Genomic DNA of bacterial isolates was extracted using the Puregene DNA Isolation Kit (Gentra Systems, QIAGEN Inc.). DNA concentrations were determined by using a Gene
Quant spectrophotometer (Amersham Pharmacia Biotech).
Amplification of the 16S rDNA region was performed by PCR using universal primers pA and pH as previous described (9) .
The amplification products were purified with Wizard PCR Preps DNA Purification System and then directly sequenced in both directions by using pA and pH primers and an ABI Prism 3100 automatic sequencer (Applied Biosystems, Foster City). Single colonies with the ability to emulsify diesel oil were inoculated in 250 ml flasks containing 50 ml of three different culture media (mineral medium described previously (5) amended with 2% sucrose or 2% glucose as carbon source and TSB (Difco, NJ, USA). Every 24 hours during incubation, 5 ml of suspension was removed and centrifuged at 5000 x g for 20 minutes at 4° C during ten days. Then, 4.0 ml of the resulting cell free supernatant fluid was overloaded with 10% diesel oil and vortexed for 5 seconds, and the extent of emulsification was recorded after 2 hours of setting time. Surface tension (ST) measurements were taken of the whole culture broth and uninoculated control at room temperature using a Fisher Surface
Tensiomat.
Removal of heavy metals from contaminated residue
In this work, we utilized the solid residue produced by the 
RESULTS AND DISCUSSION
Screening strains for emulsifying ability
A total of 37 isolates were obtained, and 10 of those strains demonstrated the ability to emulsify diesel oil when submitted to an initial screening (data not shown). The 10 isolated strains that exhibited emulsifying ability were tested for the ability to produce cell-free supernatant that retained the emulsifying capacity. Mangroves are well known to harbour organic matter in abundance; thus, they are good habitats for searching for new bacterial species that produce surface-active agents.
Identification of bacterial strains
The 16S rDNA sequences obtained from isolated strains Table 3 
